A new method is described that makes it feasible to include scattered and converted surface waves into waveform inversions for the three-dimensional In a realistic example we found that each vertical component seisrnograrn yields 30-40 linear constraints on the 3-D Earth, significantly more than with conventional pure-path (WKBJ) inversions. In a synthetic test, one seisrnograrn is shown to be able to image a simple model of a point scatterer off the great circle. As a spin-off of the formulation of the multimode inverse scattering problem, we not only obtain a series of eigenvectors that rank the sensitivity of a seisrnogram to Earth structure in a series of geometrical patterns, we also can compute the surface wave equivalent of a Fresnel zone.
Introduction
Seismic surface waves yield information about the upper part of the Earth, in particular about the shear wave velocity •true. In the case of long-period multimode surface waves the sensitivity extends to the whole upper mantle. The potential horizontal resolution of the waves increases with the frequency. However, it is well known that high-frequency waves are prone to scattering and mode conversions. Where mode coupling theory can deal with this at normal mode frequencies, a more approximate approach is needed for regional sur- The method is limited to a frequency range where the WKBJ approximation is valid. Smooth average models leave a discrepancy at higher frequencies in the seismogram, which we shall attempt to model in this paper with scattered modes using the Born approximation. The WKBJ step is essential to keep the discrepancy small, a major condition for the validity of Born, which is a single scattering approximation [Srdeder, 1988a, In this section we briefly review the partitioned waveform inversion method and describe the determination of the background model for the Born inversion. We invert for only a single parameter, the S wave velocity.
We summarize our notation for the various models and the corresponding waveforms in Table 1 
•u Børn--Oi2O•'y.
From ( The shape and orientation of the cell parameterization is not very critical near the great circle path but does have an influence at larger distance, as shown in Figure 3 . Since the data constrain the Earth most strongly near the great circle (Figures 6 and 11) , we expect little effect of the parameterization on the final outcome of the inversion. We conclude that we have developed an important new method which enables us to invert a large number of observed seismograms for 3-D Earth structure while taking the effects of multimode scattering into account to first order.
